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The Therefore, the design of mechanical d r a f t cooling towers i s the I n wet cooling towers, a i r and water are intimately mixed to provide heat transfer. Therefore, psychometry i s the basis for analysis of heat transfer i n wet cooling towers. Air-water psychometric data and psychometry theory are presented i n several references (1, 2, 3 ) .
Heat transfer i n cooling towers occurs by two major mechanisms: sensible heat from water t o a i r (convection) and transfer of latent heat by the evaporation of water (diffusion). air-water boundary layer. The total heat transfer i s the sum of these two boundary layer mechanisms. The total heat transfer can also be expressed i n terms of the change i n enthalpy of each bulk phase. boundary layer i s equal t o the heat transfer i n the b u l k phases. Optimization requires a trade-off between operating and construction costs. More detailed discussions of cooling tower optimization for use w i t h power p l a n t s can be found i n Dickey (9) and Clark (10).
These designs are compared to determine the optimum.
For a given cooling tower design, the quantity o'f water t o be treattemperature (T2) i s specified. The difference between the inlet& and outlet water temperatures i s the range ( R ) . An ambient wet-bulb temperature '(twb;tl) i s chosen for design, such t h a t i t i s exceeded only three t o five percent of the time. The difference between the wet-bulb temperature and the outlet water temperature is the approach (A). The outlet water temperature approaches the air wet-bulb temperature, w h i c h i s the l i m i t i n g temperature t o which-water can be cooled. Generally, cooling towers are designed w i t h an approach of 10 t o 15 degrees (Fahrenheit). The approach i s seldom less t h a n five degrees.
B.
Outlet Air
For a given set of cooling tower design conditions, an optimum design (outlet a i r temperature/water-air flow rate r a t i o ) exists. optimum design will result i n minimum construction and operating costs. A good correlation exists between the optimum outlet a i r temperature and the inlet and outlet water temperatures:
As i s apparent i n Figures 1 (1, p.177) and 2 (9), the approximated outlet air temperature i s very close t o the actual design outlet a i r temperature. The approximation for the outlet a i r temperature can be used as a f i r s t guess for a detailed design or may be considered as the optimum outlet air temperature i n a rule-of-thumb design.
When the approximation i s used, air flow rate will be w i t h i n -+lo% of the optimum design i n most cases.
Water i s evaporated d u r i n g the wet cooling process. For each 10°F drop i n water temperature, approximately 1.0% of the treated water evaporates ( 3 , p.757). However, the evaporation rate i s small and i s commonly neglected, yielding the following energy balance (11, p.589):
The water flow rate i s not s t r i c t l y constant.
The outlet a i r i s usually saturated a t the outlet air temperature. The enthalpies of the inlet and outlet are a s found from a table or chart of psychometric data. Therefore, by specifying an outlet a i r temperature, the water-air flow rate ratio i s fixed.
c. Tower Characteristic
The tower characteristic i s determined from the Merkel equati on :
The right-hand side of the Merkel equation i s difficult t o integrate directly because hsa -h i s difficult to express explicitly i n terms of T.
Simpson's rule (see sample calculation). The most commonly used computer solution i s the Tchebycheff method (2, p.12-13). A nomograph i s also available f o r estimation of the tower characteristic ( 2 , p.12-14) . 
Methods f o r determining modern loading f a c t o r s a r e not
The back-calculated value of Ka (100) was de-
E. Tower Dimensions
The required f i l l height (2) i s equal t o the specific volume (q and i s determined from the tower c h a r a c t e r i s t i c :
The required base area o r cross-sectional area ( B ) is:
A l a r g e r loading f a c t o r will result i n both a smaller tower height and i n a smaller base area. The f i l l volume ( V ) is:
Wet cooling towers consume water i n three major ways: evaporation, d r i f t and blowdown. The evaporation r a t e ( E ) i s approximately 1.0% of the water flow r a t e Drift ( D ) refers t o water which leaves the cooling tower entrained i n the e x i t i n g a i r and i s approximately 0.2% of the water flow r a t e ( 3 , p.757). i n the cooling water. system, and replaced by fresh water, t o prevent sol ids/chemicals buildup i n the cooling water. of the evaporation r a t e and depends upon the solids/chemicals conc e n t r a t i o n which can be t o l e r a t e d i n the process i n which the cooling water i s being used and the solids/chemicals concentration of the makeup water. Blowdown i s usually about 20% of the evaporation r a t e . 
The evaporation r a t e can also be determined from a mass balance around the a i r stream: The power requirements obtained from the above approximations tend to be low. head has been found to be:
f o o t head i s two t o two and a h a l f 'times greater than
From an analysis of data, a good estimate of the pump
This equation is convenient and allows the tower height to affect the pump power requirements. The formulas f o r c a l c u l a t i o n of p the ideal gas law.
w i t h d a t a reported by Research -C o t t r e l l (11).
and p a ,t The assumption of 1 hp/8,000 acfm is c o n s i s t e n t The t o t a l power i s obtained by adding fan power and pump power. McKelvey and Brooke (1, p.179) present a method f o r approximating t o t a l power requirements from range, appoach, design wet-bul b tempera t u r e and water flow r a t e .
H.

Cost Estimation
Zanker (12) 6 Design a cooling tower t o cool 120,000 gpm (60 x 10 lbs/hr) from 119' F t o 89OF, when the wet-bulb temperature i s 75OF. Also, estimate water consumption rate, power requirements and construction cost. Assume Ka equals 100.
Sol u t i on :
Estimate o u t l e t a i r temperature (t2) and t/G: The solution of simulation problems using Cooling Tower I n s t i t u t e Performance Curves (14) i s given by the Cooling Tower I n s t i t u t e (15, 1 6 ) . 
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